secretion. 48
A c c e p t e d M a n u s c r i p t 5 Hence, despite these recently published papers, the relationship between the C. langsdorffii Desf. 79 OR chemical composition and its pharmacological activity remains undefined. In the light of this 80 gap, and of the re-emerging interest for this popular and traditional remedy, aim of this study was: 81 a) to perform an exhaustive study on the composition of its constituents; b) to isolate the most 82 active fraction of the OR; c) to evaluate in an immunocompetent cell culture system, THP-1 human 83 monocytes, their inhibitory activity on the LPS-stimulated secretion of the pro-inflammatory 84 cytokines, and of the nuclear translocation of NF-B. 85
Finally we have carried out a preliminary testing on the potential antipsoriatic activity of the OR in 86 a restricted number of subjects affected by recalcitrant localized psoriasis. 87 88
Materials and methods 89 90

Copaiba oil 91
The OR was collected from the trunks of C. langsdorffii Desf. trees, growing wild in the Amazon 92 region in Northern Brazil during October 2011. Authentication of the species was carried out by the 93 examination of its seeds, fruits and leaves by Prof. Gelsomina Fico, Department of Biology, Faculty 94
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Total reducing substances 129
The total content of reducing substances was determined using two different methods: 130 (a) Folin-Ciocalteau assay with minor modifications (Vinson and Bose, 2001), and expressing the 131 results as mg of gallic acid equivalent (mg GAE /mg of samples). 132
Briefly, 300 l of the OR properly diluted in ethanol (30 l/ml) were added to 2.7 mL of Folin-133
Ciocalteau reagent previously diluted (1:10) with milliQ water. The mixture was vortexed for 2 134 min, and the spectrophotometric absorbance was measured at 750 nm, after 20 min incubation at 135 room temperature against a blank (reagents and ethanol). Gallic acid was used to calibrate the 136 concentration as a function of absorbance. The gallic acid equivalent content (mg GAE /mL samples ± 137 absorbance was determined spectrophotometrically at λ max 720 nm, after 10 min incubation at room 144 temperature. All analyses were done in triplicate. The results were expressed as mg GAE /mL EO ± S.D. 145
The GAE was calculated as described above, and the calibration curve (y=0.03690x+0. 
EO and resinous complex isolation 172
The EO from C. langsdorffii Desf. was isolated by conventional steam distillation (10 g of OR; 173 yield 22,50% w/w) and then submitted to GC-MS analysis for the characterization of its 174 components. The OR resinous fraction was prepared from the same amount of OR, afterA c c e p t e d M a n u s c r i p t 9
Sample derivatization 179
The resinous complex was submitted to GC-MS analysis after derivatization. Briefly, 50 L of 180 samples were treated with 450 L of MeOH saturated with gaseous HCl, and left to react for 1 hour 181 at 40 °C. The mixture was then exhaustively extracted with 1 mL of n-hexane, and 1 l of the 182 extract submitted to GC-MS analysis. This procedure allows to characterize the diterpenoic acids 183 and derivatives, and the sesquiterpenes embedded into the polymeric matrix of the resinous 184 The most effective dose of LPS was 1 μg/mL, in accordance with previous studies on THP-1 220 (Corsini, 2011; Esafi-Benkhadir, 2012 ). Cells were pretreated or not for 1 h with OR-PF (0.1-100 221 μM) and 4x10 -5 M AA; then exposed to 1 μg/mL LPS for further 24 h. Culture medium was then 222 removed, centrifuged for 10 min at 1.200 rpm at 4 °C and stored at -80 °C until measurement. The 223 lowest limits of sensitivity were 3.9 pg/mL for human IL-1β; 0.70 pg/mL for human IL-6 and 0.5-224 5.1 pg/mL for human TNF-α. The serum in the culture media did not interfere with the assay. 225
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Western blot analysis (WB) 229
THP-1 cells were cultured in 15 ml polypropylene tubes at the density of 4x10 6 cells. They were 230 pretreated or not for 1 h with 1μM OR-PF then exposed to 1 μg/mL LPS for another 30 minutes. 231 NE-PER nuclear and cytoplasmic extraction reagents (Thermo Scientific, Rockford, IL, USA) were 232 used according to the manufacturer's instructions to extract nuclear and cytoplasmic proteins. 
Statistical analysis 272
Statistical analyses were conducted with the R-commander GUI for R (v. 1.5-6) (Fox, 2005) . 273
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Results and discussion 277
The results relative to the organoleptic characteristics and to the physical-chemical descriptors of 278 the OR and of the EO (22% w/w) are reported in Table 1 The free sugar content expressed as mg glucose/ mL OR was 0.69 ± 0.03 % (w/w). The low amount 288 of free sugars indicates that these may be considered more as contaminants of the OR than as a 289 hydrolytic products from its xyloglucan fraction. This last is known to be insensitive to acidic or 290 
Total reducing substances 298
The total content of reducing substances determined by both the Folin-Ciocalteau and 299
FeC l3 /Fe(CN) 6 -in OR in toto were 0.318 ± 0.04 mg GAE /g OR and 0.212 ± 0.01 mg GAE /g OR , 300
respectively. The content of reducing substances determined on the essential oil, and on the resinousA c c e p t e d M a n u s c r i p t 14 complex, gave a value below the limit of detection. 302
The DPPH assay was first performed on the OR in toto (IC 50 2.30 mg/mL), and then on its 303 constitutive components, i.e. the essential oil (IC 50 8.71 mg/mL) and on the xyloglucanic resin 304 which contains entrapped diterpenes and diterpenoic acids (IC 50 9.23 mg/mL). From these results, it 305 is clear a synergistic effect of the components, commonly observed in several phytocomplexes 306 containing H/e-tranferring structures (Beretta et al., 2011 Interestingly, 1 mL of EtOH containing 2 L of OR shows in the UV spectrum a sharp peak at 272 321 nm typical of endocyclic conjugated dienes, which, when added with 2 L of concentrated H 2 O 2 322 (30% v/v), undergoes complete disappereance (Fig. 1) . This behavior may suggest the presence in 323 the OR of a set of -unsaturated diterpenic compounds. Not surprisingly the antiradical activity 324 (DPPH assay) of the OR when saturated with H 2 O 2 , undergoes a dramatic drop. The IC 50 value rises In the light of these findings, we thought a) to characterize the low MW components present in the 332 resinous fraction, and b) to evaluate the anti-inflammatory activity of OR-PF using a cell system 333 model of inflammation; c) to evaluate its anti-psoriatic activity. 334 335
GC-MS profile of the EO and of the resinous fraction from C. langsdorffii Desf. OR 336
As evidenced in Fig. 2 and Tables 2 and 3, copaiba contains (a) volatile compounds (essential oil) 337 and (b) several classes of compounds which become volatiles after derivatization. All the 338 compounds were identified and characterized by GC-MS: the essential oil was constituted by a set 339 of forty terpenes and paraffins, constituted by sesquiterpenes (96.36 %), the main of which were -340 trans-bergamotene (48.38%), -himachalene (11.17%), -caryophyllene (5.47%), -elemene 341 (5.06%), cyclosativene (5.02%), and -selinene (5.00%), paraffins (2.21%), sesquiterpenols 342 (0.85%), and diterpenes methyl esthers (0.47%). 343
Among the nonvolatiles compounds present in the resinous fraction (after derivatization) we found 344 some interesting labdanic structures, diterpenoic acids, and diterpenes bearings - conjugated 345 dienes, to the best of our knowledge never identified in the C. langsdorffii Desf. OR before 2012 346 (Leandro et al., 2012 ; do Nascimento et al., 2012), i.e. copalic, pimaric, isopimaric, abietic, 347 daniellic, lambertinic, giberellic acids and a group of labdenoic acid (see Table 3 ). 348
In particular, the GC-MS analysis of this last fraction evidenced the presence of a 44.73% of 349 diterpenic and labdenoic acids, 31.74% of sesquiterpenes, 1.21% of phytormones and pheromones, rotation), we believe that the great variability of these active structures may stem from a plant 363 metabolic process of interconversion of these intermediates along the time. Hence, these 364 compounds can be considered as metabolic intermediates of the plant metabolism which leads to the 365 biosynthesis of giberellins (Graebe, 1987) . 366
To gain an insight into the role of this diterpenoic acids into the anti-inflammatory activity of C. 367 langsdorffii Desf. OR, we investigated this effect using a purified fraction (PF) of the resinous 368 complex free of the xiloglucanic fraction and containing only the bulk of diterpene acids, diterpenes 369 and sesquiterpenes. To evaluate its inhibitory effect on IL-1IL-6 and TNF- cytokines secretion, 370 and on the nuclear translocation of NF-B, we used a model of human THP-1 monocytes, a well-371 known and largely used model of macrophages precursor (Chanput et 
Effects of Copaiba on cytokine secretion by human THP-1 monocytes
A c c e p t e d M a n u s c r i p t p<0.001 vs control; Fig. 3a) , IL-6 (44-fold, p<0.001 vs control; Fig. 3b ) and TNF-400-fold, 377 p<0.001 vs control; Fig. 3c ), which are released in small amounts in basal conditions. Preincubation 378
(1 h) with 4x10 -5 M AA, used as positive control of OR-PF, reduced LPS-stimulated IL-1β, IL-6 379 and TNF- secretion respectively by 34% (p<0.05), by 22% (p<0.05), and non-significantly by 380 18%, vs. LPS-stimulated cells (Fig. 3a-c) . After 1-h incubation, OR-PF significantly reduced the 381 secretion of IL-1β (by 44-36%; dose range 0.1 -10 μM, all p<0.05; Fig. 3a) , IL-6 (by 28% and 382 37%, at the doses of 0.1 and 1 μM; all p<0.05, Fig. 3b ) and TNF-by 37% and 31% a the doses of 383 0.1 and 1 μM respectively; both p<0.05). Interestingly, there was no inhibition of cytokine secretion 384 when the cells were exposed to the highest concentration of OR-PF (100 μM). None of the OR-PF 385 concentrations had any effect on the unstimulated secretion of IL-1β, IL-6 and TNF-, nor elicited 386 any sign of cell toxicity, as indicated by the Trypan blue exclusion test (data not shown). 387 388
Effects of OR-PF on NF-B nuclear translocation in human THP-1 monocytes 389
We then examined the effect of OR-PF in counteracting LPS-induced nuclear translocation of NF-390 B in THP-1 cells. WB analysis of cytoplasmic and nuclear extracts showed that LPS alone 391 promoted translocation of the 52-kDa NF-B subunit of the IB/NF-B complex from the cytosol 392 to the nucleus, as expected, and 1 μM OR-PF reduced the amount of this protein in the nucleus. The 393 efficiency of the separation of the nuclear and cytoplasmic fractions was confirmed by the detection 394 of histone 3 and tubulin, specific markers for the nucleus and the cytoplasm (Fig. 4) . 395
For what concern the mechanism of inhibition of cytokines secretion, we believe that the most 396 likely candidates moieties are the group of - unsaturated diterpene acids. If this is true, we can 397 speculate that due to their highly lipophilic character they are able to permeate the THP-1 cells 398 membrane and establish a covalent binding to the specific target(s) within the cells with theM a n u s c r i p t
6 Anti-psoriatic activity: oral administration 401
After four weeks of treatment, only a slight decrease of scaling and infiltration, compared to the 402 basal condition, was observed on the legs of the patient 1. For patient 2 lesions on the extensor 403 surfaces of the elbows appeared not significantly improved (data not shown). After six weeks, the 404 45-years-old man (patient 1) showed a further decrease of the scaliness of the legs lesions and of the 405 skin infiltration, as well as an initial attenuation of the erythema redness (Fig. 5A-B) . Also for the 406 36-years-old woman (patient 2) there was an appreciable attenuation of redness of the target 407 plaques, and a more prominent skin scaling decrease (Fig. 6A-C) . 408
At the end of this period both patients asked to continue the OR oral assumption, and for this reason 409 the treatment was extended to three months (keeping 1 mL/die as dose). After this additional time 410 period a fairly complete remission, with almost disappearance of the lesions, was observed (95% 411 PASI score reduction) for both the subjects and in the follow up period, the therapeutic response 412 was maintained (one year, data not shown). No allergic reactions or dermatitis were observed. In 413 addition, blood parameters and liver-and renal-function tests remained in the normal range, further 414 confirming the safety of C. langsdorffii Desf. OR. 415 416
Topical treatment 417
At baseline, the extension of the lesions on the right elbow of patient 3 (36 year-old-man) appeared 418 not larger than that present on the left elbow, but erythema was evident, and as well as the scaling, 419 and the infiltration nearly severe for both of them. At 2 weeks, no significant improvement was 420 assessed; at 4 weeks, erythema appeared only a little bit improved, not yet to decrease from 3 to 2 421 of the PASI scale, but both infiltration and scaling achieved a point degree of improvement, from 422 severe to moderate. At 6 weeks, erythema improved by two points, from moderate to mild; theM a n u s c r i p t langsdorffii Desf. OR ointment was declared to be very good by the patient. 425
The results of these pilot and preliminary oral and topical treatments demonstrate the efficacy of the 426 OR from C. langsdorffii Desf., in ameliorating the typical clinical signs of psoriasis. 427 428
Conclusions 429
In conclusion, the results of this study demonstrate for the first time that the oleoresin (OR) from C. 430 langsdorffii Desf. possesses different well established biological properties, which range from a 431 strong antioxidant capacity to an anti-inflammatory activity and to a potential anti-psoriatic effect. 432
These properties are not due to the presence of phenolic/polyphenolic species but to several volatile 433 sesquiterpenes, and to the concomitant presence of unsaturated diterpene acids components (of 434 which copalic acid is the most abundant in C. langsdorffii Desf. OR, followed by abietic acid, 435 polialtic acid, kaurenoic acid etc.) and of diterpene and sesquiterpene species, all embedded within 436 the polymeric xiloglucan matrix. 437
We also have demonstrated that these components exert a significant anti-inflammatory action 438 M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
